The mechanism by which smooth lipopolysaccharide (LPS) protects Salnmonella typhimurium C5 from the lethal action of specific antibody and complement has been investigated. Tris(hydroxymethyl)aminomethane (Tris) and ethylenediaminetetraacetate (EDTA), which sensitize S. typhimurium C5 to the bactericidal action of immune serum, were shown to cause appreciable structural modification of the smooth LPS associated with these cells. Mg'+ was shown to reverse the sensitization of C5 by Tris, but this divalent cation was unable to reverse the sensitizing effect of Tris plus EDTA, which, unlike Tris, caused relatively large amounts of 0-antigenic components to be released from the C5 cell wall. The possibility that smooth LPS blocks the interaction of activated complement components with receptors on the cell wall is discussed.
It has been demonstrated (15, 16 ) that smooth gram-negative organisms, which were completely insensitive to the bactericidal action of specific antibody and complement when tested in various salt solutions containing Mg2+ or Ca2+ (nonsensitizing media), became susceptible when the bactericidal assay was carried out in solutions of tris(hydroxymethyl)aminomethane (Tris) or Tris plus ethylenediaminetetraacetic acid (EDTA), both being sensitizing media. It was suggested (15) that the sensitizing systems may modify the structure and hence some protective function of the smooth lipopolysaccharide (LPS) layer of the outer cell wall.
The thick LPS layer of smooth gram-negative cells may give protection in any of the following ways: (i) antibody may be fixed so far from the bacterial cell wall proper that the activated components of complement are unable to interact with the cell in sufficient concentration to cause lethal damage (1, 5, 10, 16) ; (ii) complement-mediated damage occurs but is not lethal due to the supportive function of the thick LPS coat (5) ; (iii) the substantial polysaccharide outer layer inhibits the action of complement by blocking cell receptors to which activated components must bind in the reaction sequence which results in cell death.
In this paper we describe experiments designed to investigate these possibilities.
MATERIALS AND METHODS Strains, antiserum, and bactericidal assays. A previous report describes strains, antiserum, and bactericidal assays used (15) .
Preparation of LPS. LPS from S. typhimurium C5
was prepared by the phenol-water method of Westphal et al. (20) and purified by alcohol precipitation, enzymatic treatments to remove nucleic acids and protein, and finally by ultracentrifugation. (15) . The data presented in Table 2 showed that bacterium/antibody 
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were suspended in each of the solutions specified and incubated at 37 C for 1 hr. The hemagglutination-inhibiting ability of each supernatant fluid was determined and compared with that obtained with a pure sample of C5 LPS. Tris, tris(hydroxymethyl)aminomethane; EDTA, ethylenediaminetetraacetic acid. (Fig. 1-3 Table 4 are against this view. We examined the effect of guinea pig serum complement and additional lysozyme on the glycopeptide layer of C5 cells in Tris, which produced cell death, and in saline plus Mg2+, which did not. The release of acid-soluble radioactive materiafrom the specifically labeled glycopeptide oc ,, Bacteria (about 109 cells per ml) growth labeled with 3H-DAP (diaminopimelic acid) in broth were washed in physiological saline at 37 C and resuspended in physiological saline at 37 C containing rabbit antiserum (1: 500). After 20 min of incubation at 37 C, the cells were washed with physiological saline and resuspended in either tris(hydroxymethyl)aminomethane (Tris; 0.1 M; pH 7.4) or in physiological saline plus Mg2+ (0.002 M) at 37 C; guinea pig serum (1:10) and lysozyme (2.5 jug/ml) were then added to each system. The values tabulated were reached after 60 min of incubation. Further evidence of conformational changes under these conditions was obtained by microscopic examination. In the electron micrograph (Fig. 1) (Fig. 2) or in Tris plus EDTA (Fig. 3) , the LPS had a much more extended form with a diameter of 7.5 to 12.0 nm. DISCUSSION These results support the concept that the serum resistance of smooth gram-negative cells is associated with the thick LPS coat which surround them. We have shown that agents which sensitize smooth cells to complement action also produce marked structural changes in the smooth LPS. We suggest that these changes modify the normal barrier function of smooth LPS and permit activated complement components to interact with the underlying cell wall.
We have shown that Mg2+ causes marked contraction of free C5 LPS (Table 5 and Fig. 1 (Table 5 ); (iii) the relaxation of C5 LPS by Tris is even more pronounced in the presence of EDTA ( Table 5 ).
The univalent Tris cation presumably competes for anionic groups in the LPS of the intact bacterial cell which are normally cross-linked by divalent cations (2, 4, 18) and thereby effects a relaxation in the LPS coat structure. Such changes are not too disruptive since they are readily reversed by Mg2+ (Table 2 ) and do not result in the release of significant amounts of LPS from the cell wall (Table 1) . However, in the presence of the strong chelating agent EDTA, Tris ions may largely replace the cross-linking divalent cations, producing a dispersive effect so great as to release large quantities of LPS from the smooth cell wall ( Table 1) . As a consequence, Mg2+ cannot reverse the sensitization which results from this interaction (Table 3) because it is unable to rebind the depleted LPS coat into an effective barrier.
C5-specific antibody complexes formed in the nonsensitizing (saline plus Mg2+) medium, although insensitive to complement when suspended in saline plus Mg2+, were extremely sensitive when washed and resuspended in Tris ( Table  2 ). The sensitization of smooth strains does not, therefore, appear to be due to the fixation of antibody and hence the activation of complement closer to the cell membrane as suggested by Muschel (10) and Reynolds and Rowley (16) . Indeed, the sensitization mechanism seems not to act at the level of antibody fixation but rather by promoting some later event, such as the interaction of activated complement components with the cell wall.
Further, it seems unlikely that the sensitization of C5 is primarily due to the fixation of antibodies, other than those directed against 0-somatic polysaccharide, to cell antigens which are uncovered by Tris or Tris plus EDTA treatment. BA formed in a nonsensitizing medium (conditions under which internal antigenic determinants would not be exposed) can, after thorough washing, be killed when resuspended in Tris plus complement (Table 2 ).
The primary lesion produced by the complement system occurs in the lipid moiety of the outer cell wall (3, 5, 7) . Consequently, complement damage to bacterial cells may be assessed in terms of the ability of lysozyme to penetrate the outer wall and to degrade the underlying glycopeptide layer. By interacting BA cells, which were specifically labeled in their glycopeptide, with complement plus lysozyme, we have shown ( Table  4 ) that significant release of acid-soluble labeled components occurred only under sensitizing conditions resulting in cell death. In nonsensitizing medium, in which complement did not kill, the lipid moiety of the outer cell wall appeared to suffer little damage as the lysozyme (molecular weight 14,000) was unable to penetrate the cell and reach its glycopeptide substrate. It therefore seems unlikely that smooth gram-negative cells are damaged by complement yet enabled to recover due to the supportive role of their thick LPS coat as suggested by Feingold et al. (5) .
The ability of Mg2+ to stabilize the bacterial cytoplasmic membrane, which has been observed in other systems (11, 15, 19) , was again demonstrated by the observation that the S. typhimurium M206 strain which is sensitive to complement in saline plus Mg2+, although killed, did not lyse in this medium since the OD6,0 did not fall appreciably (Table 4) .
These investigations generally support the concept that smooth LPS prevents cell damage by preventing activated complement components (C*) from interacting with receptors on the cell wall.
It seems reasonable to assume that at least some C* require to bindto receptors on the cell wall if they are to play their characteristic role in the complement sequence which leads to cell death. The occlusion of such receptors by smooth LPS could therefore abort the complement sequence. Support for this idea comes from observations that smooth gram-negative organisms as well as resisting the bactericidal action of complement also resist phagocytosis (9, 12) , an event which is promoted by cell-bound C3 (13, 17) .
We propose therefore that the conformational changes induced in smooth C5 LPS by Tris and Tris plus EDTA expose C* receptors, possibly in the lipid core, and thereby sensitize these smooth gram-negative cells to the bactericidal action of complement.
